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(54) Abrasion resistant copper alloy for build-up cladding on engine cylinder head 



(57) The copper alloy contains: 6-15 wt% Ni; 1-5 
wt% Si; 1 - 5 wt% (total) Mo, W. Ta. Nb, and/or V. The 
alloy may also contain 0.5 - 1.5 wt% Fe. 1 - 5 wt% Cr, 
0.5 - 0.9 wt% Al, and 0.1 - 1 .0 wt% P. which are obliga- 
tory when Ni is above 9 wt%. The alloy may also contain 
1 - 10 wt% Mn and 0.01 to 0.1 wt% rare earth metal. A 
valve seat (2) is formed by build-up cladding by irradiat- 
ing a laser beam on a powder (4) of the copper alloy, 
provided in the rim of a port (3) formed in an engine cyl- 
inder head (1). Due to the composition of the copper 
alloy, the valve seat (2) has few microcracks and excel- 
lent abrasion resistance. 
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Description 

[0001] This invention relates to build-up cladding of a 
copper alloy for forming a valve seat in an engine cylin- 
der head. 

[0002] A method of forming a valve seat for an engine 
intake valve or exhaust valve is Known wherein copper 
alloy powder is dissolved by a laser beam and accumu- 
lated on a cylinder head base metail along a rim of an 
intake port or exhaust port. 

[0003] As an example of such a powdered copper 
alloy. Tokkai Hei 8-35027 published by the Japanese 
Patent Office in 1996 discloses a powder material com- 
prising 10-30 wt% nickel (Ni), 0.5-5.0 wt% silicon (Si), 
and 2.0-15.0 wt% of at least one of molybdenum (Mo), 
tungsten (\A/), tantalurh (Ta). niobium (Nb),and vana- 
dium (V). 

[0004J This powder material may also comprise 2.0- 
15.0 wt% iron (Fe) or 1.0-10.0 wt% chromium (Cr), It 
may also comprise 0.01-0.1% misch metal or 0.1-i.O 
wt% phosphorus (P), 1.0-10.0 wt% manganese (Mn), 
and 0.5-3.0 wt% boron (B). The remaining components 
are copper (Cu) and impurities. 

[0005] According to tests performed by the inventors, 
a valve seat formed using this powder material dis- 
played superior abrasion resistance, but microcracks 
occurred sporadically in the valve seat after cladding. 
[0006] It would be desirable to be able to provide an 
abrasion resistant copper alloy in which microcracks 
rarely form. 

[0007] It would also be desirable to be able, to improve 

the quality of an engine valve seat. 
[0008] The present invention provides an abrasion 
resistant copper alloy consisting of copper (Cu), 6-9 
wt% nickel (Ni), 1-5 wt% silicon (Si), and 1-5 wt% of a 
material selected from the group consisting of molybde- 
num (Mo), tungsten (W). tantalum (Ta), niobium 
(Nb).and vanadium 

[0009] This invention also provides an abrasion resist- 
ant copper alloy consisting of copper (Cu), 6-9 wt% 
nickel (Ni). 1-5 wt% silicon (Si). 0.5-1.5 wt% iron (Fe), 
and 1-5 wt% of a material selected from the group con- 
sisting of molybdenum (Mo), tungsten (W), tantalum 
(ta), niobium (Nb) and vanadium (V). 
[001 0] This invention also provides an abrasion resist- 
ant copper alloy consisting of copper (Cu). 6-9 wt% 
nickel (Ni). 1 -5 wt% silicon (Si). 0.5-1.5 wt% iron (Fe). 1- 
5 wt% chromium (Cr), and 1-5 wt% of a material 
selected from the group consisting of molybdenum 
(Mo), tungsten (W), tantalum (Ta), niobium (Nb). and 
vanadium (V). 

[001 1 ] This invention also provides an abrasion resist- 
ant copper alloy consisting of copper (Cu), 6-9 wt% 
nickel (Ni), 1-5 wt% silicon (Si), 1 -5 wt% chromium (Cr). 
0.5-0.9 wt% aluminum (Al). and 1-5 wt% of a material 
selected from the group consisting of molybdenum 
(Mo), tungsten (W).. tantalum (Ta). niobium (Nb).and 
vanadium (V). 



[001 2] This invention also provides an abrasion resist- 
ant copper alloy consisting of copper (Cu), 6-9 wt% 
nickel (Ni). 1-5 wT/o silicon (Si). 0.5-1.5 wt% iron (Fe), 
0.5-0.9 wt% aluminum (Al), 5-15 wt% cobalt (Co), and 
5 1-5 wt% of a material selected from the group consisting 
of molytxJenum (Mo), tungsten (W). tantalum {Ta), nio- 
bium (Nb),and vanadium (V). 

[001 3] This invention also provides an abrasion resist- 
ant copper alloy consisting of copper (Cu), 6-9 wt% 
10 nickel (Ni). 1-5 wt% silicon (Si), 0.5-1.5 wt% iron (Fe). 
0.1 -1 .0 wt% phosphorus (P), and 1 -5 wt% of a material 
selected from the group consisting of molytxienum 
(Mo), tungsten (W), . tantalum (Ta). niobium (Nb). and 
vanadium (V). 

15 [001 4] This invention also provides an abrasion resist- 
ant copper alloy consisting of copper (Cu). 6-9 wt% 
nickel (Ni). 1 -5 wt% silicon (Si). 0.5-1 .5 wt% iron (Fe), 1- 
5 wt% chromium (Cr). 0.1-1.0 wt% phosphorus (P), 1- 
10 'wt% manganese (Mn). and 1-5 wt% of a material 

20 selected frorn the group consisting of molybdenum 
(Mo), tungsten (W), tantalum (Ta),. niobium (Nb), and 
vanadium (V). 

[001 5] This invention also provides an abrasion resist- 
ant copper alloy consisting of copper (Cu), 6-9 wt% 

25 nickel (Ni). 1 -5 wt% silicon (Si). 0.5-1 .5 wt% iron (Fe). 1 • 
5 wt% chromium (Cr), 0.5-0.9 wt% aluminum (Al), 0.1- 
1.0 wt% phosphorus (P). 1-10 wt% manganese (Mn). 
0.01-0.1 wt% rare earth metal, and 1-5 wt% of a mate- 
rial selected from the group consisting of molybdenum 

30 (Mo), tungsten (W), tantalum (Ta), niobium (Nb), and 
vanadium (V). 

[001 6] This invention also provides an abrasion resist- 
ant copper alloy consisting of copper (Cu), 9-15 wt% 
nickel (Ni); 1-5 wt% silicon (Si), 0.5-1.5 wt% iron (Fe). 1- 
35. 5 wt% chromium (Cr), 0.5-0.9 wt% aluminum (Al), 0.1- 
1.0 wt% phosphorus (P). and 1-5 wt% of a material 
selected from the group consisting of molybdenum 
(Mo), tungsten (W), tantalum (Ta), niobium (Nb),and 
vanadium (V). 

40 [001 7] ^ This invention also provides an abrasion resist- 
ant copper alloy consisting of copper (Cu), 9-15 wt% 
nickel (Ni), 1-5 wt% silicon (Si), 0.5-1.5 wt% iron (Fe), 1- 
5 wt% chromium (Cr), 0.5-0.9 wt%.aluminum (Al), 0.1- 
1.0 wt% phosphorus (P), 1-10 wt% manganese (Mn), 

45 and 1 -5 wt% of a material selected from the group con- 
sisting of molybdenum (Mo), tungsten (W), tantalum 
(Ta), niobium (Nb),and vanadium (V). 
[001 8] This invention also provides an abrasion resist- 
ant copper alloy consisting of copper (Cu). 9-15 wt% 

50 nickel(Ni). 1-5 wt% silicon (Si). 0.5-1.5 wt% iron (Fe). 1- 
5 wt% chromium (Cr), 0.5-0.9 wt% aluminum (Al), 0.1- 
1.0 wt% phosphorus (P), 1-10 wt% manganese (Mn), 
0.01-0.1 wt% rare earth metal, and 1-5 wt% of a mate- 
rial selected from the group consisting of molybdenum 

'55 (Mo), tungsten (W). tantalum (Ta). niobium (Nb),and 
vanadium (V). 

[0019] The above copper alloys are preferably pro- 
vided in the form of powder for build-up cladding using a 
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laser beam. 

[0020] Such build-up cladding is preferably used for 
forming a valve seat of Intake and exhaust valves 
arranged in an engine cylinder head. 
[0021] The details as well as other features and s 
advantages of this invention are set forth in the remain- 
der of the specification and are shown in the accompa- 
nying drawings. 

Fig. 1 is a perspective view of a valve seat portion io 
of an engine cylinder head. 
Fig. 2 is a table showing the composition of copper 
alloy powder materials according to this invention. 
Fig. 3 is a table showing the composition of com- 
parative samples set by the inventors for the pur- is 
pose of comparison. 

Fig. 4 is a table showing the characteristics of the 
valve seats made of the powder rriaterials of Fig. 2. 
Fig. 5 is a table showing the characteristics of the 
valve seats made of the powder materials of Fig. 3. 20 

) DESCRIPTION OF THE PREFERRED EMBODI- . 

MENTS 

[0022] Referring to Fig. 1 of the drawings, valve seats 25 
2 for intake valves and exhaust valves are formed in an 
engine cylinder head 1 . The valve seat 2 Is formed by 
build-up cladding of copper alloy powder 4 having the 
composition of Samples #1 - #15 in Fig. 2 in the rim of a 
port 3 in the base material of the precast cylinder head 30 
1. 

[0023] Copper alloy powder 4 is supplied to the rim of 
the port 3 from a powder feed nozzle 5. 
[0024] The building of copper alloy is formed with a 
thickness of 3mm or more on the rim of the hole 3 by 35 
irradiating this powder by a laser beam from a carbon 
dioxide laser element 6 under the following conditions. 

Laser output = 5.0 kW 

Working speed = 1 .0 m/min 40 
\ Shielding gas = Ar 

f- Shielding gas flow rate = 20 liter/min 

[0025] The base metal of the cylinder head 1 is cast in 
Al-Cu-Mg type alloy specified by AC2A. which is an alu- 45 
minum casting alloy specified by JIS-H-5202. This cylin- 
der head 1 Is for an in-line type four-cylinder double 
overhead cam (DOHC) engine, and comprises four 
holes 3 for Intake valves and exhaust valves in each cyl- 
inder. 50 
[0026] The copper alloy powder 4 Is formed as follows. 
' First, molten copper alloy corresponding to one of Sam- 
ples #1 - #15; which is a copper alloy according to this 
invention, shown in the table of Fig. 2, is prepared in a 
graphite pot of a high frequency induction furnace. Next, ss 
the molten copper alloy is allowed to flow down from the 
bottom of the pot, and "gas atomization" is performed 
wherein a gas is blown into the molten copper alloy 



which is flowing dov/n to pulverize the alloy to a powder. 
Dehydration, degassing.and partide grading is then 
performed to obtain a cladding powder. 
[0027] A common feature of the copper alloy powders 
shown in Samples #1 - #15 of Fig. 2 is that they com- 
prise 6-15 wt% nickel (Ni). 1-5 wt% silicon (SI), and 1-5 
wt % of at least one of molybdenum (Mo), tungsten (W), 
tantalum (Ta). niobium (Nb) and vanadium (V). 
[0028] Nickel (Nl) is 2 useful element for improving the 
abrasion resistance of the valve seat 2. 
[0029] By suppressing nickel (Ni) to 9 wt% or less, 
microcracks formed sporadically in the cladding layer 
can be reduced. 

[0030] When the content of nickel (Ni) is higher than 9 
wt%, the number of microcracks increases, but by fur- 
ther adding phosphorus (P) or manganese (Mn). 9-15 
wt% of nickel (Ni) may improve the abrasion resistance 
of the alloy while suppressing the number of microc- 
racks to within an acceptable range as shown by Sam- 
ples #13 - #15. Nickel (Ni) or silicon (Si) cause 
deposition of hard silicides, but when nickel (Ni) is less 
than 6 wt%. deposition of hard silicides is reduced and 
high abrasion resistance is no longer obtained. 
[0031 ] Silicon (Si) is required for deposition of hard sil- 
icides and is useful for improving the abrasion resist- 
ance of the valve seat 2. When the silicon (Si) content is 
less than 1 wt%. the deposition amount of hard silicides 
decreases, but if the content exceeds 5 wt%. abrasion 
resistance does not greatly improve and microcracks 
actually tend to form more easily 
[0032] By adding 0.5-1 .5 wt% of iron (Fe) or 1 -5 wt% 
chromium (Cr), abrasion resistance can be improved as 
shown by Samples #4 - #15 of Fig. 2. Both of these 
raise room temperature hardness and high temperature 
hardness of the cladding of a valve seat. When the addi- 
tion amount is less than the lower limits mentioned 
above, a marked effect cannot be obtained from either 
iron (Fe) or chromium (Cr). However, when the upper 
limits are exceeded, there is not much improvement of 
hardness while microcracks form easily. 
[0033] When 0.5-0.9 wt% of aluminum (AI) is added, 
room temperature hardness is enhanced and an 
improvement of abrasion resistance is obtained as 
shown by Samples #6. #7. and #12 - #15. 
[0034] However, when aluminum (AI) is less than 0.5 
wt%, the effect is small. When 0.9 wt % is exceeded, 
room temperature hardness decreases and microc- 
racks form easily. 

[0035] When 5-1 5 wt% of cobalt (Co) is added, lumps 
of hard silicides are deposited and room temperature 
hardness is mainly enhanced as shown by Samples #7 
and #10 - #12. This is effective for abrasion resistance 
improvement of a valve seat of the exhaust valve. How- 
ever, when the cobalt (Co) content is less than 5 wt% 
the effect is small, and when it exceeds 15 wt%, micro- 
cracks form easily. 

[0036] When 0.1-1 .0 wt% of phosphorus (P) is added, 
the viscosity decreases when the powder melts as 
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shown by Samples #8 - #15, so lunps of hard silicides 
are uniformly deposited when the cladding is formed by 
irradiation with the laser beam, and the formation of 
microcracks is suppressed. However, when the phos- 
phorus (P) content is less than 0.1 wt% the effect is 5 
small, and when it exceeds 1.0 wt%. no further advan- 
tage is obtained. 

[0037] When 1 .0-1 0.0 wt% manganese (Mn) is added, 
the formation of microcracks is suppressed as shown by 
Samples #9 - #12, #14.and #15. However, when the 10 
manganese (Mn) content is less than 1 wt% the effect is 
small, and when it exceeds 10 wt%, no further advan- 
tage is obtained. 

[0038] When 0.01-0.1 wt%of rare earth metals (REM) 
comprising misch metal is added, the formation of is 
microcracks is suppressed as shown by Samples #10 - 
#12 and #15. However, when the rare earth metal 
(REM) content is less than 0.01 wt% the effect is small, 
and when it exceeds 0.1 vy^. no further advantage is 
obtained. 20 
[0039] The remaining components of Samples #1 - 
#15 of Fig. 2 are copper (Cu) and impurities. 
[0040] The inventors prepared 100 of the cylinder 
heads 1 for each Sample, and performed build-up clad- 
ding in sixteen ports 3 in each of the cylinder heads 1 . 25 
[0041] Buitd-up cladding was performed also using 
Comparative Samples #1 - #12 which are not according 
to this Invention and which have the compositions 
shown in Fig. 3. 

[0042] Comparative Sample #1 1 corresponds to the 30 
copper alloy disclosed In the aforesaid prior art Tokkai 

Hei 8-35027. 

[0043] Comparative Samples #1 - #10 and #12 were 
arranged by the inventors for purposes of comparison, 
and do not necessarily conform to the prior art. 35 
[0044] The remainder of the compositions of Compar- 
ative Samples #1 - #12 of Figs. 3 also comprises copper 
(Cu) and impurities. 

[0045] The cylinder head 1 obtained by the above 
process was finished to predetermined dimensions and 40 
surface roughness via mechanical machining. 
[0046] Twenty of the cylinder heads 1 which respec- 
tively have sixteen valve seats thus formed using the 
same powder were selected corresponding to each of 
the above Samples and Comparative Samples, and the 45 
number of microcracks was examined by performing a 
color check on the cladding layer of 320 of the holes 3 in 
total for each case. 

[0047] The results are shown in Figs. 4 and 5. 
[0048] The Vickers' hardness of the cladding, which so 
has a significant correlation with the abrasion resistance 
of the valve seat formed, was measured at roorri tem- 
perature and at a high temperature of 400°C. 
[0049] As for Samples #1 - #3 and Comparative Sam- 
ples #1 - #4 which have a Vickers' hardness less than ss 
Hv150, the cladding was performed only in the valve 
seat of the intake valve. 

[0050] The measurement results are shown in Figs. 4 



and 5. 

[0051] For each Sample and Conparative Sample, 
cylinder heads for which microcracks had not been 
found were subjected to the following engine test. 

Engine = 1998cc in-line type four cylinder DOHC 
engine 

Fuel = regular clear gasoline 
Engine rotation speed = 6,000rpm 
Intake valve material = heat-resistant steel corre- 
sponding to J IS SUH11 

Exhaust valve material = heat-resistant steel corre- 
sponding to JIS SUH36 
Engine load (throttle opening) = 4/4 
Test time = 100 hours 

[0052] After the test, the abrasion depth of the valve 
seat and valve face were measured. 
[0053] The measurement results are shown in Figs. 4 
and 5. 

[0054] From the test results, the number of valve seats 

with microcracks decreased for Samples #1 - #15 
according to this invention compared to Comparative 
Samples #1- #12- 

[0055] The depth of abrasion of the valve seat and 
valve face after the engine test was also less for Sam- 
ples #1 - #15 according to this Invention than for Com- 
parative Samples #1 - #12. 

[0056] For a valve seat formed using Samples #1 - 
#15, the external appearance of the frictional sliding 
parts was almost smooth, and no abrasion defects or 
pits which would cause loss of sealtightness of the valve 
seat were observed. 

[0057] On the other hand for Comparative Sample #1 
wherein the nickel (Ni) content was less than 6 v\rt%. the 
hardness Hv200 at room temperature was extremely 
low. and the abrasion depth of the valve seat was very 
high as the abrasion resistance was incomplete. 
[0058] The abrasion depth of the valve face was also 
large due to repeated sticking and peeling of the abra- 
sive powder on the valve face. 

[0059] In a valve seat according to Comparative Sam- 
ple #2 wherein the nickel (Ni) content was 10 wt% or 
more and neither phosphorus (P) nor manganese (Mn) 
were present, there were a large number of microcracks 
and the abrasion depths of the valve seat and valve face 
due to the test were high. Further, in a valve seat 
according to Comparative Sample #12 wherein phos- 
phorus (P) and manganese (Mn) are added, but the 
nickel (Ni) content exceeds 15 wt%. high abrasion 
resistance was obtained, but a considerable number of 
the valve seats had microcracks. 
[0060] For a valve seat according to Comparative 
Sample #3 wherein the molytxJenum (Mo) and tungsten 
(W) content was less than 1 wt%. there was little depo- 
sition of hard silicides and adequate abrasion resist- 
ance was not obtained. This valve seat therefore had a 
large abrasion depth, and a ring-shaped groove was 
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formed in the valve seat. The abrasion depth of the cor- 
responding valve face was also large. 
[0061] For a valve seat according to Comparative 
Sample #4 wherein the total amount of molybdenum 
(Mo), tungsten (W) tantalum (Ta). niobium (Nb), and 
. vanadium (V) exceeded 5%. there were a large number 
of microcracks as in the case of the valve seat accord- 
ing to Comparative Sample 2. Although engine tests 
were performed using cylinder heads wherein microc- 
racks had not been detected, the abrasion depth of the 
valve seat and valve face due to the test .was high. 
[0062] For a valve seat according to Comparative 
Sample 5 wherein the iron (Fe) content exceeded 1 .5% 
and the chromium (Cr) content exceeded 5%. the abra- 
sion depth of the valve seat was large as in the case of 
valve seats according to Comparative Sarriples #2 and 
#4. 

[0063] It appears that a high iron (Fe) or chromium 
(Or) content is not effective in improving hardness and 

abrasion resistance. 

[0064] For a valve seat according to Comparative 
) Sample #6 wherein the aluminum (Al) content 

exceeded 0.9%. the same result was obtained as for 
valve seats according to Comparative Samples #2 and 
#4. 

[0065] The number of microcracks was highest for this 
Comparative Sample #6. For the valve seat according to 
Comparative Sample #6. the high temperature hard- 
ness fell considerably compared to the room tempera- 
ture hardness, as shown in Fig. 5. Therefore, the 
abrasion depth of the valve seat and valve face of the 
exhaust valve which reaches a high temperature, was 
fairly large. 

[0066] For a valve seat according to Comparative 
Sample #7 wherein the cobalt (Co) content exceeded 
15%, the same characteristics were obtained as for a 
valve seat according to Comparative Samples #2, #4. 
#5.and#6. 

[0067] Comparative Sample #8 was a copper alloy 
powder wherein the nickel (Ni), silicon (Si), moiybde- 
V num (Mo), Iron (Fe), and chromium (Cr) content was 

^ that of the copper alloy according to this invention, to 

which less than 0.1% phosphorus (P). less than 1% 
manganese (Mn) and less than 0.01% rare earths 
(REM) had been added. 

[0068] In a valve seat formed using this copper alloy 
. powder, there was no particular decline of abrasion 
resistance, but there were numerous microcracks. 
[0069] For a valve seat according to Comparative 
Sample #9 having an identical composition to that of 
Comparative Sample #8 wherein the phosphorus (P) 
content had been increased to more than 1 .0 wt%. there 
were few microcracks but the abrasion resistance was 
not high enough. 

[0070] For a valve seat according to Comparative 
Sample 10 having an identical composition to that of 
Comparative Sample 8 wherein the manganese (Mn) 
content had been increased to more than 1 .0 wt%, there 



was also no great improvement compared to Compara- 
tive Sample 8. 

[0071] For a valve seat according to Comparative 
Sample 1 1 corresponding to the copper alloy disclosed 

5 in Tokkai Hei 8-35027 of the aforementioned prior art. 
there were a. considerable number of microaacks, 
[0072] Therefore, in a valve seat formed with the cop- 
per alloy of Samples #1 - #15 according to the present 
Invention, excellent quality is obtained both in terms of 

10 the number of microcracks and the abrasion depth. 
[0073] The contents of Tokugan Hei 10-45831 with a 
. filing date of February 26, 1998 in Japan and Tokugan 
Hei 1-1 -23277 with a filing date of January 29. 1999 in 
Japan are hereby incorporated by reference, 

15 [0074] Although the invention has been described 
above by reference to certain embodiments of the 
invention, the invention is not limited to the embodi- 
ments described above. Modifications and variations of 
the embodiments described above will occur to those 

20 skilled in the art. in light of the above teachings. 

Claims 

1. An abrasion resistant copper alloy consisting of: 

25 

6-9wt%nid^el (Ni): 
1-5 wt% silicon (Si); . 

1-5 wt% of a material selected from the group 
consisting of molybdenum (Mo), tungsten (W), 
30 tantalum (Ta), niobium (Nb),and vanadium (V); 

and 

copper (Cu). 

2. An abrasion resistant copper alloy consisting of: 

35 

6-9 v4% nickel (Ni): 
1 -5 wt% silicon (Si); 

1-5 wt% of a material selected from the group 
consisting of molytxienum (Mo), tungsten (W), 
40 tantalum (Ta), niobium (Nb),and vanadium (V); 

0.5-1 .5 wt% iron (Fe); and 
copper (Cu). 

3. An abrasion resistant copper alloy consisting of: 

45 

6-9 wt% nickel (Ni); 
1 -5 wt% silicon (Si): 

1-5 wt% of a material selected from the group 
consisting of molybdenum (Mo), tungsten (W). 
50 tantalum (Ta). niobium (Nb), and vanadium (V); 

0.5-1.5 wt% iron (Fe); 
1 -5 wt% chromium (Cr); and 
copper (Cu). 

55 4. An abrasion resistant copper alloy consisting of: 

6-9wt%nid<el(Ni): 
1-5 wt% silicon (Si); 
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1-5 wt% of a material selected from the group 
consisting of molybdenum (Mo), tungsten (W) 
tantalum (Ta). niobium (Nb).and vanadium (V): 
1 -5 vyt% chromium (Cr); 

0.5-0.9 wt% aluminum (Al); and 5 
copper (Cu). 

5. An abrasion resistant copper alloy consisting of: 

6-9 wt% nickel (Ni): io 
1 -5 wt% silicon (Si); 

1 -5 wt% of a material selected from the group 
consisting of molybdenum (Mo), tungsten (W) 
tantalum (Ta). niobium (Nb). and vanadium (V): 
0.5-1.5 wt% iron (Fe); is 
0.5-0.9 wt% aluminum (Al); 

5- 15 wt% cobalt (Co) ; and 
copper (Cu). 

6. An abrasion resistant copper alloy consisting of: 20 

6- 9 wt% nickel (Ni); 
1 -5 wt% silicon (Si); 

1-5 wt% of a material selected from the group 

consisting of molybdenum (Mo), tungsten (W). 25 

tantalum (Ta). niobium (Nb), and vanadium (V); 

0.5-1.5 wt% iron (Fe); 

0.1-1.0 wt% phosphorus (P); and 

copper (Cu). 

30 

7. An abrasion resistant copper alloy consisting of: 

6-9 wt% nickel (Ni); 
1 -5 wt% silicon (Si); 

1 -5 wt% of a material selected from the group 35 
consisting of molybdenum (Mo), tungsten (W) 
tantalum (Ta). niobium (Nb) and vanadium (V); 
0.5-1.5 wt% iron (Fe); 
1 -5 wt% chromium (Cr); 

0.1-1.0 wt% phosphorus (P); 40 
1-10 wt% manganese (Mn); and 
copper (Cu). 

8. An abrasion resistant copper alloy consisting of: 

45 

6-9 wt% nickel (Ni); 
1 -5 wt% silicon (Si); 

1 -5 wt% of a material selected from the group 
consisting of molybdenum (Mo), tungsten (W), 
tantalum (Ta), niobium (Nb),and vanadium (V); so 
0.5-1.5 wt% iron (Fe): 
1 -5 wt% chromium (Cr); 
0.5-0.9 wt% aluminum (Al); 
5-15 \A^/o cobalt (Co): 

0.1-1.0 wt% phosphorus (P); ss 
1-10 wt% manganese (Mn); 
0.01-0.1 wt% rare earth metal; and 
copper (Cu). 



9. An abrasion resistant copper alloy consisting of: 

9-15 wt% nickel (Ni): 
1 -5 wt% silicon (Si); 

1-5 wt% of a material selected from the group 

consisting of molytxienum (Mo), tungsten (W). 

tantalum (Ta). niobium (Nb).and vanadium (V); 

0.5-1.5 wt% iron (Fe); 

1 -5 wt% chromium (Cr) ; 

0.5-0.9 wt% aluminum (Al); 

0. 1 -1 .0 wt% phosphorus (P); and 

copper (Cu). 

10. An abrasion resistant copper alloy consisting of: 

9-1 5 wt% nickel (Ni); 
1 -5 wt% silicon (Si); 

1 -5 wt% of a material selected from the group 
consisting of molybdenum (Mo), tungsten (W); 
tantalum (Ta). niobium (Nb), and vanadium (V); 
0.5-1.5 wt% iron (Fe): . 
1 -5 wt% chromium (Cr); 
0.5-0.9 wt% aluminum (Al); 
0.1-1.0 wt% phosphorus (P); 
1-10 wt% manganese (Mn); and 
copper (Cu). 

11. An abrasion resistant copper alloy consisting of: 

9-1 5 wt% nickel (Ni); 
1 -5 wt% silicon (Si); 

1 -5 wt% of a material selected from the group 

consisting of molybdenum (Mo), tungsten (W), 

tantalum (Ta), niobium (Nb),and vanadium (V); 

0.5-1 .5 wt% iron (Fe); 

1 -5 wt% chromium (Cr); 

0.5-0.9 wt% aluminum (Al); 

0.1-1.0 wt% phosphorus (P); 

1-10 wt% manganese (Mn); 

0.01^0.1 wt% rare earth metal; and 

copper (Cu). 
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